Binding constants, Log K ≈ 6.6 M -1 , and NMR characterization of the complexes formed by sulfobetaines and cucurbit [7] uril (CB7) support the electrostatic interaction as major driving force. This very strong binding motif is cross-linked by additional CB7 molecules resulting in the formation of supramolecular nanoparticles (SNPs) with an average diameter of 172 nm and negative surface potential. The time course evolution of the particle size and the surface potential suggests the very fast formation of an amorphous aggregate that absorbs additional amount of sulfobetaine. These aggregates afford very stable (more than two weeks) nanoparticles in aqueous dispersion. The reversibility of the sulfobetaine/CB7 host:guest complexes allows SNPs disaggregation by adding a competitive guest as shown by treatment with tetraethylammonium chloride. The addition of this competitive cation triggers a SNPs to micelle transition.
GRAPHICAL ABSTRACT

INTRODUCTION
Supramolecular chemistry promises the assembly of molecular units into well-defined architectures, via specific non-covalent interactions allowing the design of novel materials such as supramolecular nanoparticles (SNPs). [1] [2] [3] [4] SNPs are particles in which multiple copies of different building blocks are brought together by specific noncovalent interactions, resulting in assemblies that are typically larger than the building blocks themselves. In this context, the construction of controlled nanoscale structures and materials with well-defined shapes and dimensions from molecular components is of great interest. These SNPs present several advantages such as size control, controlled assembly/disassembly, modular character, and the potential for the straightforward incorporation of imaging agents or targeting ligands. Furthermore, the sensitivity of supramolecular particles to external stimuli can induce the controlled disassembly of the corresponding supramolecular systems. These type of stimuli responsive nanocapsules are intensively investigated due to the potential modulation of properties such as size, shape and dynamic interactions with the enviroment. [5] The cyclodextrin based SNPs or hydrogels have been thoroughly exploited to develop various biomedical materials. [6] [7] [8] [9] [10] [11] [12] Self-assembly supramolecular systems based on cyclodextrins responding to pH, [13, 14] light, [15] [16] [17] [18] voltage, [19] enzyme, [20] lectins, [21] or multistimuli [22] [23] [24] have been developed, showing potential for intelligent delivery systems. Different approaches have been reported for CD-based SNPs in order to terminate the multivalent supramolecular network, avoiding the undesired continuous growth of the particles and the resulting aggregation and collapse due to attractive multivalent interactions. The use of adamantyl-terminated poly(ethylene glycol) as an electrostatic stopper has been successfully applied to control particle aggregation. [7, [25] [26] [27] However, despite the importance of SNPs, little is known about the interplay of electrostatics, the host:guest interactions and the steric influences in the control of particle size and stability.
Beyond the adamantyl/cyclodextrin binding motif, a variety of molecular recognition units are available in supramolecular chemistry, however, few of these examples have been use for the preparation of size-tunable SNPs. Sulfonatocalixarenes, a well-known supramolecular receptors in water, have been used to prepare this kind of self-assembly architectures. Their interactions with cationic surfactants promote the formation of supramolecular micelles [28, 29] and vesicles [30] [31] [32] as well as micelle-tovesicle transition. Recently, it has been demonstrate these calixarenes are able to selfassemble into stable and monodisperse SNPs. [33] [34] [35] Formation of a stable host:guest complex is the first step in SNPs preparation. Cucurbiturils, [36] with dissociation constants up to the atto-level, [37] are promising receptors for preparation of SNPs. Large cavity size cucurbiturils such as CB8 have the ability to form 1:2 host:guest complexes assisted by naphthol-viologen charge-transfer complexes. [38] The implementation of this or other similar ternary supramolecular motifs, such as different CB8-based nanoparticles [39] [40] [41] [42] [43] [44] and microstructures, [45] has been reported to be time and temperature dependent. It has been concluded that charge-transfer complexes are needed to form SNPs by using CB8 whereas CB7 failed in the preparation of analogous SNPs. Ternary host:guest complexes between CB8, methyl viologen and azobenzene have been used to prepare stimuli-responsive SNPs. UV switching of the azo group led to fast disruption of the ternary complexes and disintegration of the SNPs. [46, 47] In the present manuscript we show the formation of this kind SNPs by using CB7 balanced with different sulfobetaine zwitterionic surfactants. [48] The obtained SNPs are stable with well-defined size and shape and can encapsulate a solubilized guest that can be delivered by reversible nanoparticle dissociation upon addition of an external guest. The great simplicity, stability and reversibility of this SNPs and the biocompatibility of the building blocks (CB7 and sulfobetaine) turn these new supramolecular aggregates as promising nanocontainers with a wide range of potential applications such as nanocapsules or drug delivery agents.
RESULTS AND DISCUSSION
Four different level studies were carried out: (i) Analysis of the host:guest complex formed by CB7 and different sulfobetaines by characterization of their binding constants and structure; (ii) investigation of the CB7 effect on sulfobetaine aggregation forming micelles; (iii) characterization of the SNPs with emphasis on the assembly/disassembly ability and (iv) use of SNPs to drug solubilization and delivery upon disruption of the SNPs. M depending on the increasing length of the alky chain (see Table 1 Figure S1 in supporting information section). DSMI + absorption at 444nm decreases on adding increasing amounts of CB7 due to its inclusion in the macrocycle cavity. The observed increase in the absorption band at 330nm is due to DSMI + protonation (pKa=3.1) as a result of its inclusion in the CB7 cavity. CB7
induced protonation at neutral pH is well-documented in the literature allowing pK a shifts up to 4 units. [50] Considering that DSMI + is present in its monocationic form in both water and the CB7 cavity and as dicationic structure just inside the cavity (experiments were carried out at neutral pH) an apparent binding constant (see supplementary section) can be obtained, K app =(4.5 ± 0.3) × 10 6 M -1 .
Displacement assays were carried out in order to obtain the sulfobetaine binding constants with CB7. Figure S2 (see SI section) shows the absorption spectra of DSMI + , Table 1 ). This fitting confirmed that the binding constants were almost independent on the hydrocarbon alkyl chain length of the surfactants despite their cmc was strongly affected. Binding constants of cationic surfactants [51] to CB7 have been reported to be independent on surfactant alkyl chain length as a consequence of electrostatic interaction between the positive charge and the carbonyl groups at the portals of cucurbituril. Moreover, the binding constants obtained are at the same order of magnitude than those reported for alkyltrimethylammonium bromides, an observation that suggested that CB7 interacts mainly with the cationic moiety of sulfobetaines with negligible effect of the negative head group. The presence of CB7 leads to substantial upfield (which is a well-stablished inducation that guest is included into the CB7 cavity) and downfield (revealing that protons are held in the proximity of the carbonyl-laced host portal but outside the cavity) shifts for sulfobetaine proton resonances. We also noted that each of the two doublets corresponding to the methylene protons on the CB7 host is split into two overlapping doublets, reflecting the environmental differences between the two CB7 portals upon inclusion of SB3-14. In other words, one of the CB7 portals is exposed to the dimethylammnium group while the other one is not.
Complexation induced chemical shifts (Δδ=δ bound -δ free ) of the proton resonances of guest molecules in CB host:guest complexes report on the average location of the guest with respect to the CB7 cavity. Upfield shifts (<0 ppm) were observed for protons located within the hydrophobic cavity, whereas the deshielding due to the polar carbonyl groups resulted in downfield shifts (>0 ppm) in the resonances of the guest protons in the proximity of the carbonyl oxygen atoms. [54] [55] [56] Addition of CB7 to SB3-14 led to the expected upfield shifts (see Figure 1 ). Complexation induced chemical shifts showed in Figure 2 indicate that almost nine methylene groups of the sulfobetaine showed an upfield effect. The size of the CB7 cavity allowed the inclusion of up to seven alkyl carbon atoms in such a way that more than just one cucurbituril should be involved in the interaction with sulfobetaines. Based on previous studies from our lab we can conclude that two CB7 should be involved by formation of both an external and an internal host:guest complex. [51] The formation of external complexes cross-linking will be the driving force for the preparation of final SNPs.
[52] 
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The decreasing of the surface tension for surfactants in aqueous solution can be assigned to a surfactant monomer adsorption at the air-water interface. Because neither CB7 nor the CB7:sulfobetaine inclusion complexes adsorb at the interface, it should be expected just one single dependence of the surface tension on sulfobetaine monomer concentration. The surface tension vs the concetration of SB3-16 in the absence of CB7
can be used as a calibration curve in order to obtain the amount of SB3-16 monomers in the presence of added cucurbituril. Moreover by using the host:guest equilibrium constants reported in Table 1 SNPs obtained from aggregation of host:guest complexes can be disaggregated upon addition of a competitive guest. Because the well-known affinity of CB7 for tretraethylammonium cations [58] we studied its effect on the stability of SNPs. Addition Formation of SNPs from CB7 and sulfobetaines can be explained by considering the formation of internal and external complexes by CB7 and cationic moieties. between the sulfonate groups of sulfobetaines and cucurbituril portals allowing a more compact structure. Figure 5 -B shows that the SNPs size slightly increased with the percentage of sulfobetaine in the reaction mixture, an effect that can be ascribed to a higher surfactant degree at the nanoparticle surface. As will be shown below this behavior could be compatible with the more negative surface charge of the SNPs on increasing the surfactant concentration. -Potential evolution with time for different SNPs composition is reported in Figure 6 showing the same trend than size evolution. -Potential decreased with time reaching equilibration after 24 hours and keeping constant for at least two weeks. addition of the cationic tetraethylammonium chloride (TEA), which is known to strongly bind into the cucurbituril cavity. [57] However, addition of TEA to the SNPs afforded an unexpected slight decrease in the CF emission ( Figure 7 ). 
EXPERIMENTAL SECTION
Materials. All reagents were supplied by Aldrich in the highest available purity and were used without further purification. CB7 was synthesized by using the procedure described by Nau and coworkers [49] and the different CBn were separated by fractional crystallization from concentrated hydrochloric acid. with increments of 15º.
The hydrodynamic diameters of the SB3-16 micelles and nanoparticles were determined with a Malvern-ZetaSizer ZS90 apparatus, which uses dynamic light scattering at a 90° dispersion angle to measure the particle size. Particle diffusion in Brownian motion is converted to a size distribution using the Stokes-Einstein equation.
